September 2007 


Stony Coral Identification Primer for 
Aquarists, Part One 


By Dana Riddle 

If you’ve been in the reef keeping hobby for a while, you’ve probably outgrown the use of common coral 
names. 
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his article will help you understand the terminology and 
procedures required for successfully using available taxonomy 
keys. 

If you do not know the names of things , the knowledge 
of them is lost too. 

- Carl Linnaeus , 1751 



Figure 1 . It is a pretty coral, but how do we identify it? Photo by Dana Riddle 


I recently needed to identify a particular coral to the species 
level. After consulting popular references, I was reminded of 
the broad range of terms used by various researchers. Some 
use botanical terms, others use common yet cryptic 
descriptions, while still others use a language germane to only 
coral specialists. Often, different terms shared a singular 
meaning, which can make for some frustration in a task already 
considered difficult. 

If youVe been in the reef keeping hobby for a while, youVe 
probably outgrown the use of common coral names. Terms 
such as ‘mushroom’ coral ‘fuzzy green toadstool’ coral could be 
(and are) applied to vastly different taxa, creating confusion as 
to the actual identity and worse, improper husbandry 
procedures. Fortunately, many hobbyists and retailers have 
adopted use of correct ‘scientific’ nomenclature which applies 
universally accepted Latin names. Latin is the language of 
science, and the stony coral Pocillopora damicornis, for example, 
is the same animal in western Mexico as it is off the coast of 
eastern Africa. Advanced hobbyists can identify many stony 
coral species simply at a glance, while other corals’ true identity 
remains elusive even after considerable examination. 

It is not the goal of these articles to make one a coral 
taxonomist or an expert in coral identification - there are a 
number of references (taxonomy keys) available that can do 
that job much better than I ever could (see the Product Review 
of Veron’s Coral ID CD in this issue). Instead, these articles will 
consolidate a number of terms within a glossary (at the close of 
this initial article) and act as a primer for the task ahead. Indeed, 
this knowledge is required in order to properly and fully use 
many of the popular ‘coffee table’ coral books, and without the 
understanding of the text, we merely stare at the pictures. And 
most books, even those written for the layman, offer so much 
more than pretty pictures! 

These articles will present information required to properly 
identify many corals and what the obvious features tell us as 
reefkeepers. We will begin with very basic data and then will 
build upon this knowledge. As with any worthwhile endeavor, 
the learning curve can be steep at first. The science and 
nomenclature of coral taxonomy is not particularly easy to 
learn. But once the basics are in place and, with use of 
appropriate identification keys, you’ll recognize coral specimens 
to at least the genus level. You’ll confidently know your 
Astreopora from a Halometra. Those hobbyists willing to identify 
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corals to the species level will likely be the most dedicated, but 
their path will be difficult (and, frankly, sometimes impossible). 

I will use Veron's Coral ID as the template for questions to be 
answered in case you're using that key (and a checklist from 
Veron's work is at the conclusion of this first installment). 

Suggested Tools 

The most important consideration, by far, is the desire to learn 
about coral morphology. Lack of expensive instruments will not 
stop a true student any more than a fully-stocked laboratory will 
motivate a disinterested person. Fortunately, coral 
identification will require only simple tools along with reference 
materials (often available on-line or at your local library). The 
following list is not meant to be all-inclusive, especially for later 
stages when we begin examine corallite structure. However it is 
a good start and one should acquire: 

• Quality magnifying glass 

• Clear plastic ruler, marked in millimeters and centimeters 

• Materials for note-taking (a checklist for use with Veron and 
Stafford's Coral ID CD is presented at the end of this article. 
See this month's Product Review for details on this highly 
recommended identification guide). 

Optional Tools 

• Digital camera, preferably with 'macro' and 'super macro' 
modes 

• Tripod 

• Remote shutter release (if the camera does not have a 
timer) to avoid 'shutter shake' 

• Adapter for attaching camera to microscope 

• Dissecting (or low power) microscope w/ supplemental light 
ring 

• Drawing materials. The drawings for this article were 
sketched in pencil and inked with a black pen and a 
fine-point Sharpie. 



Figure 2 . A small portion of my laboratory, showing equipment used for 
coral identification. Most equipment in the photo is optional - the most 
important thing is this spot’s comfort for the sometimes tedious process 
ahead. Photo by Dana Riddle 

Question: Where did your coral come from? Unfortunately 
using an answer such as 'From Joe's tank, I guess.' just won't 
do! This is where using references such as Veron (1996), Veron 
(2000) or Woods (1983) is imperative! It is important not to 
guess - do your research. Fortunately, however, most aquarium 
corals are from the Indo-Pacific and especially from Indonesia, 
the Philippines or Fiji. Some of the high-end corals (with exotic 
sounding names as Superman, Sunset, etc.) often have a 
lineage that can be traced back to a particular shipment and 
location. If you're using Veron's Coral ID, answer question 1 
(and 2, if known) on the Coral ID Checklist below. 

Though it would seem intuitive to now turn our attention to 
corals' obvious features, we will not. Instead we will examine 
those features that are not so obvious - the structural features 
of the coral skeleton (corallum) and polyp structure. The 
reasoning is simple - organization of the coral structure begins 
with tiny modules which are often iterated many times to form 
the shape we recognize as a 'coral'. Identification from 
observations based on an overall architectural level (i.e., grown 
colony) often is not possible when all we possess is a small 
piece or fragment from an adult colony. So, in order to get the 
'big picture', we must begin with a small one. 
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Rosen (1986) described a concept of coral growth as one where 
compact individual units (modules) are repeated until an animal 
readily recognizable as a coral species becomes evident. This 
researcher describes the coral polyp (see Figure 3) and its 
calcium 'cup' (properly called the corallite - see Figure 6) as the 
basic modular unit called a 'zooid'. It is natural that we begin 
with a coral's basic structure, and build a coral from a basic unit. 
Once we've 'built' a coral from its basic genotypic components, 
we'll examine within this series how the forces of nature 
interact with the coral animal and its shape (the genotypic 
shape becomes phenotypic). 

The Coral Polyp 

For coral identification, there is remarkably little that we need 
to know about the living portion of the zooid - the fleshy polyp 
itself. Figure 3 tells us what we need to know; we need to 
identify tentacles and locate the mouth(s). 



Coiallum 

(skeleton) 


Figure 3. The fleshy portion of a stony coral polyp, attached to the corallum. 
Drawing by Dana Riddle. 

Question: Is the coral a module or modular? How Many 
Mouths? Solitary corals consist of a single polyp and one, two or 
multiple mouths (such as Catalaphyllia, Fungia, Herpolitha, etc.) 
and are a single zooid - a module. Fortunately, the number of 
solitary corals is relatively few and a student will do well to learn 
them. 

Colonial corals are iterations of a single polyp and thus contain 
hundreds if not thousands of zooids. Colonial corals are 
therefore modular. 

Determination of the number of mouths is sometimes not easily 
done - mouths can be tiny (such as those seen in Pavona corals) 
and a good magnifying glass or microscope may be necessary. I 


won't labor on this further; the comment below should clarify 
things. 

Important Comments about Question 3: Veron's Coral ID 
Checklist lists two answer options -' Single mouth and corallite’ 
and ' Multiple mouths and corallites’. There is actually a third (but 
unlisted option) - Multiple mouths and a single corallite. A 
singular polyp with multiple mouths is known as 'cerberoid'. We 
really don't need to know this however, so answer Question #3 
as if it asked ‘single corallite’ or ‘multiple corallite 

Is the Coral Attached or Free-living? This is more of a question 
for observations made in the wild than an aquarium. A novice 
could easily mistake any fragment or cutting from an adult 
colony as 'free-living'. Generally, free-living corals consist of a 
single polyp as we discussed above. Answer Question #4 on the 
checklist. 

What is the Tentacle Length? We will need to estimate tentacle 
length (fortunately, Veron's ID uses increments of about 
10mm). The clear plastic ruler marked in millimeter increments 
is most handy here. See comments about water motion and 
tentacle expansion below. Answer Question #19. 

Are Tentacles Most Expanded During the Day, or Night? 

Tentacles may exhibit diurnal morphologies (such as the Bubble 
corals (Plerogyra), where the tentacles inflate during the day 
and become 'vesicles' - see Figure 4) - do the tentacles expand 
during the 

day, or are there vesicles, a mantle (a fleshy projection) or 
simply no expansion during the day? Note to Hobbyists: It is 
recommended that hobbyists compare tentacular expansion 
just as the aquarium's lights turn on and then again after a few 
hours of light. Corals may have some tentacle expansion during 
the day but much more during the night (or vice versa). There 
are special circumstances facing aquarists - what if the polyps/ 
tentacles are not expanded day or night? There are, of course, 
multiple reasons for this; however, poor or insufficient water 
motion is often the reason. 



Figure 4. Vesicles, or modified tentacle structures as seen from the ‘Bubble’ 
coral (Plerogyra, Physogyra). These vesicles may become tentacle-like 
during the night. Drawing by Dana Riddle. 
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Answer Question #18. 

Does the fleshy portion of the coral mask the Skeleton 
(Corallum)? Does the coenosarc (the fleshy connective tissue 
between polyps) mask the corallum fully (for example, as an 
expanded Goniopora does) or partially, or is the shape of the 
skeleton readily apparent (as with Acropora specimens)? 
Answer Question #20. 

We now answered 7 questions on the checklist, and this ends 
our observations of the polyp and fleshy portions of the zooid. 
With luck, these questions have identified the coral to your 
satisfaction. If not, the task becomes more involved. Our 
attention will now turn to the corallum - the stony skeleton. 

The Corallum 

The coral skeleton, properly called the corallum, plays a very 
important part in coral identification. There are a few terms we 
should know. If you're using Veron's ID Key, the basic terms 
include calice, coenosteum, columella, corallite, costae, 
paliform lobes, septae, septo-costae and theca (See Figure 5, 
and the glossary). 



Figure 7. Pourtales Plan. This septa arrangement differs in that the 4 th cycle 
septa are longer and might fuse around the 3 rd cycle septa. Drawing by 
Dana Riddle. 


Corallite 

1-1 


Removing Coral Tissue from the Corallum 



Figure 5. Skeletal Components. These, combined with the soft tissue 
elements seen in Figure 3 form the ‘zooid’. For clarity, four septa (of a group 
of 6 or more) have been omitted in this diagram. Drawing by Dana Riddle. 


It is also important to be able to count septa and identify their 
orders or cycles. The basic corallite structures are shown in 
Figure 6. 



Figure 6. Arrangement of septa. From left, 1 st cycle or primary cycle; 1 st and 
2 nd cycles; 1 st , 2 nd and 3 rd cycles; 1 st , 2 nd , 3 rd and 4 th cycles. Drawing by 
Dana Riddle. 


After weVe taken the time and expense to maintain corals in 
captivity, it is almost heresy to discuss sacrificing a small portion 
of the colony in order to identify it. Fortunately, it doesn't take a 
large portion, but the tissue will have to be removed. 

The generally accepted method is to use a high-pressure water 
stream (such as the Water-Pik method recommended by 
Johannes, 1970). This method is especially useful when recovery 
of the tissue and/or zooxanthellae is needed. It's fairly 
inexpensive as well (I got my Water-Pik about 10 years ago at 
Wal-Mart for $30). However, it is a messy proposition - Skip 
using the Water Pik method if the thought of coral mucus/tissue 
in your face or hair bothers you. 

A viable and less distressful alternative (at least for the 
hobbyist) for removing tissue is available - and the average reef 
hobbyist probably has the chemical needed to do it - Use 
calcium hydroxide (kalkwasser) to dissolve the tissue. Soak the 
coral fragment in a saturated solution overnight and the tissue 
(usually) rinses right off and leaves the corallum intact. 

Next time, we'll examine some of the finer details of coral 
skeletons, and will use our building blocks to assembly a coral 
colony. 

Glossary 


Not all corallites will follow the rule of structure shown in Figure 
6. In particular, some corals' septa are arranged in a pattern 
where septa of the fourth cycle can enclose those of the third. 
See Figure 7. 


• Ambulacra! Grooves - Grooves running atop the common 
walls between corallites. 

• Anastomose - To grow and re-fuse (branches, columns, 
etc.). 

• Apical - Of, at, or forming the apex or summit. 
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Appressed corallite - Corallite presses against the 
coenosteum. 

Asteroid - Star-like. 

Axial corallite - The corallite that runs down the center (or 
axis) of a branch. 

Axial furrow - The groove along the top of fungiid corals. 

Axial polyp - An apical polyp, common to Acropora corals. 

Axis - Lines around which a 3-dimensional body are 
symmetrical. 

Basal - Of, relating to, or forming a base. 

Bifacial - Corallites occur on both sides of a plate or frond. 
Bifurcate - Divided into 2 equal branches. 

Calice - The opening of the corallite, bounded by the wall. 
Centers - The position of the mouths or columellae. 
Cerberoid - A solitary polyp with multiple mouths. 

Cerebroid - Resembling a brain. 

Cerioid - A type of colony formation where the polyps share 
common walls. 

Coenosteum - The skeletal matrix around corallites, often 
tiny blister-like plates. These may be fused into a single 
plate, or form elaborate structures sometimes larger and 
more prominent that the corallites. 

Colline - Skeletal ridges composed of coenosteum that 
separate corallites. 

Columellae - Skeletal structures at the center of corallites. 
Corallum - The skeleton of a coral. 

Costae - Radial elements of corallites situated outside the 
corallite wall. 

Denticles - Pali-like granules on the septa of Porites. 

Digitate - A colony shape composed of short finger-like 
branches. 

Directive septa - Septa about which a corallite is bilaterally 
symmetrical - especially important in Porites. 

Disc - The circular corallum of solitary, free-living fungiids. 

Distal - The end of a branch or remotely situated from the 
center. 

Dorsal directive septum - Part of the septal configuration of 
Porites. 


Epitheca - A fine skeletal layer which sometimes surrounds 
the corallites, and is the first skeletal element to be 
produced by the coral planulae larvae. The epitheca is not 
covered by living tissue. This distinct (usually lower) portion 
of the corallum is seen in many corals, including 
Trachyphyllia, Catalaphyllia, etc. 

Exsert - Projecting above the surrounding structure. Exsert 
septa project well above the corallite wall. 

Fascicle - A close cluster or bundle. 

Fasciculate - Clustered or bundled in shape. 

Flaring corallites - 

Fossa - A hole or cavity in the skeleton. 

Free-living - Not attached to the substrate. 

Groove/Tubercule - An elongate channel lined with epitheca, 
causing by polychaete worms in faviid corals (especially 
/VI on fast red). Grooves are also seen in some portiid corals, 
where they are caused by symbiotic shrimp. 

Hillock - A small protrusion or elevation, as from tissue or a 
structure. 

Hillocky - Possessing small protrusions or elevations. 

Hydnophores - Conical structures developed between the 
corallite centers of some corals, especially Hydnophora. 

Immersed corallite - Corallite that does not protrude from 
the coenosteum; inset. 

Imperforate - Having no holes or openings. 

Inset - Within the body of something. 

Intercalary - Inserted between other elements or parts. 

Iteration - Repetition. 

Lateral - An extension from the side, such as a branch or 
shoot. 

Lateral Pairs - Part of the septal configuration of Porites. 

Mantle - A fleshy disc extended by some corals when the 
tentacles are retracted. 

Modular - Consisting of standardized subparts (modules). 

Module - A separable component for assembly into 
structures of differing sizes or complexity. 

Monocentric - With one columella center per corallite. 

Monticle - Adjoined walls which have become so divided by 
corallite valleys that only short conical sections remain (as 
seen in Hydnophora and sometimes Mycetophyllia, 
Colpophyllia and Pavona). 

Nariform corallite - Acropora corallite shaped like an 
upside-down Roman nose. 
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• Non-perforate - Without holes or perforations in the coral 
skeleton. 

• Orders (of septa or costae) - Each order is composed of 
septa or costae of similar size (usually one or more cycles). 
First order (or primary) septa or costae are often derived 
from several cycles. 

• Orthotropic - Exhibiting a mode of vertical growth. 

• Pali - A type of rod-like paliform lobe found in some corals, 
such a Porites. Palus is singular. 

• Paliform lobes - Large, vertical teeth situated above the 
inner margins of septa, sometimes forming a neat circle 
around the columella. 

• Papillae - Reticulum structures of Montipora that are smaller 
than the corallites. 

• Papillose - Sponge-like, spongy. 

• Perforate - Having holes or perforations in the coral 
skeleton. 

• Peritheca - Valleys between costae. 

• Petaloid (septa) - The raindrop-like structures of 
septo-costae formed when both ends are submerged in the 
coenosteum. Strongly developed in Polyphyllia and 
Psammocora. 

• Phaceloid - Bundled, roughly the same as fasciculate. 

• Physiognomy - Outward appearance. 

• Pits - Holes or depressions in the coenosteum at the point of 
formation (or insertion) of costae. Of taxonomic use in 
fungiids and Echinophyllia. 

• Plagiotropic - Growing more or less divergent from the 
vertical axis. 

• Polycentric - With one or more columella center per 
corallite. 

• Polymorphism - Where individual colonies have more than 
one form or shape. 

• Pourtales Plan - An arrangement of septa used in 
identification, and is generally an exception to septa 
patterns. In this plan, the 4 th order septa are longer than 
those of the 3 rd order, and they may fuse to enclose the 3 rd 
cycle. 

• Primary septa - The largest septa of a corallite composed of 
the first cycle only, or several cycles (but see exception in 
'Pourtales Plan'). 

• Prostrate - Sprawling horizontally, sometimes with a 'wilted' 
appearance. 

• Radial corallite - Corallites that surround the axial corallite 
of Acropora. 


Radii - Skeletal rods linking the columella to septa in Porites. 

Ramification - Branching or a structure formed of branches. 

Ramose - Branching. 

Reiteration - To do again, or repeatedly. 

Reptoid - Sprawling basal growth attaching colony to the 
substrate. 

Reticulum - The coenosteum and associated structures of 
Montipora. 

Rootlets - Tongues of coenosteum which grow down into 
the substrate anchoring the coral. 

Secondary septa - General term for the smaller septa of a 
corallite. 

Septa - Radial elements of corallites situated inside the 
corallite wall. Initial septa are formed in cycles of 6, followed 
by a second group of 6, a third of 12, and a fourth of 24 and 
so on. Septum for singular. 

Septal deltas - Groups of septa fused to form a spongy 
segment of the columella, especially in Goniopora. 

Septal teeth - Lobes or spines along the margins of septa. 

Septo-costae - Radial elements of corallites. 

Solitary - Not colonial. 

Spinules - Minute - near microscopic - spines in the 
coenosteum. 

Sterome - A non-porous layer within the wall of a corallite. 
Styliform - Rod-like in shape. 

Synapticula - A type of corallum where thecae are indistinct 
and septa are uninterrupted between calice centers. 

Terete - Of uniform thickness, without appreciable tapering. 

Thamnasteroid - Star-like skeletal patterns without walls 
seen in Pavona and other corals. 

Theca - Wall surrounding the corallite. 

Thecal - Of, or belonging to, the corallite wall. 

Triplet - Part of the septal configuration of Porites. 

Tuberculae - Reticulum structures of Montipora that are 
larger than the corallites. 

Tubular corallite - Corallite shaped like a tube. 

Unifacial - Corallites occur on one side of a plate or a frond, 
opposite of bifacial. 

Valleys - The equivalent of calices in meandroid or 
flabello-meandroid colonies. 
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• Ventral directive septum - Part of the septal configuration 
of Porites. 

• Verrucae - Wart-like nodules on Pocillopora colonies that 
contain polyps. 

• Verrucose - Wart-like. 

• Vesicles - Sac-like structures seen in 'Bubble' or 'Grape' 
corals ( Plerogyra and Physogyra, respectively) and usually 
visible during the day. 

• Wall - Part (rim) of a corallite, also called the theca. 


If you think you'll never actually use at least some of these 
glossary terms in coral identification, think again. The 
worksheet below, compiled from Veron's Coral ID: An Electronic 
Key to the Zooxanthellate Scleractinian Corals of the World, lists 
the questions asked in order to identify a coral to the species 
level. Some IDs are easy, and involve only a few steps, while 
others could conceivably involve answering every question. 
Questions i through 21 are basic questions. Questions 22 
through 44 are more advanced, and could require microscopic 
examination of the skeletal structure (which likely involves 
sacrificing a small portion of the colony). 
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Coral Identification Worksheet 

Identification:_ 

Date:_ 

1. Ocean Realm 

Atlantic 

P Indo-Pacific 

2. Indo-Pacific Location 

Red Sea/Gulf of Aden 

SW Indian Ocean 

NW Indian Ocean/Arabian-lranian Gulf 
P N. Indian Ocean 
Central Indo-Pacific 
r N,W,&S Australia 
r SEAsia 

P Japan, E. China Sea 
P E. Australia 

Oceanic W. Pacific 
Central Pacific 
[ Hawaii, Johnston Atoll 
P Far E. Pacific 

3. Colonial or Solitary 

Multi-mouths & corallites 

One mouth & corallite 

4. Attachment 

Attached 

Free-living 


5. Growth Form 

Branching 

Hemispherical or Submassive 
P Encrusting 
Solid Plates 
P Foliose 

Perforated Plates and Tables 
Disc-like 

Columinar, Digitate 
Flabello-meandroid 
P Phaceloid 

6. Branching 
r Absent 

r 2D Dominant 
3D Dominant 

7. Branch Fusion 
P None 

P 2 D 

r 3 d 

8. Branch Ends 

Flattened 

Non-flattened 

9. Distinct Primary Branches 
P Axial 

P Not axial 

Inconspicuous or absent 

10. Sub-Branches 
□ 2D 

r 2D plus 

3D Bottlebrush 

r 3D Bush 

3D Not conspicuous 
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11. Calice or Valley Width 



□ 

< 1 mm 


r 

1-3 mm 


□ 

5-15 mm 


r 

> 15 mm 

12. 

Corallite Definition 


r 

Corallite Centers Distinct 


r 

Corallite Centers Indistinct 

13. 

Wall Separation 


r 

Walls Separate 


□ 

Walls Adjoined 

14. 

Corallite Isolation 


□ 

Corallites Separate Individuals 


r 

Corallites Continuous 

15. 

Corallite Differentiation 


□ 

Axial 


r 

Central 


r 

Neither 

16. 

Corallite or Valley Protrusion 


r 

Strongly exset monocentric 


□ 

Exsert monocentric 


n 

Slightly exset monocentric 


r 

Half Immersed 


□ 

Immersed 


r 

Recessed 


r 

Exsert - Elongate or multicentric 


17. Corallite Spacing 
l~~ Crowded 

Fairly Crowded 

Well-spaced 

Widely spaced 

Indistinct 


18. Day/Night Tissue Expansion 

Tentacles by Day 

F Mantle by Day 
Vesicles by Day 
No Expansion by Day 

19. Tentacle Length 
l~~ <10 mm 

l~~ 10-20 mm 
l~~ >20 mm 

20. Skeletal Masking 
\~ None 

r Partially 
r Fully 

21. Daytime Tissue Projection 

l~~ < 1 mm 

l~~ 1-5 mm 
l~~ 5-20 mm 
l~~ >20 mm 

22. Columella 

Absent 

l~~ Conspicuous 
Inconspicuous 

23. Columella Meanders 

Centers Distinct 

l~~ Centers Indistinct 
Continuous 
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24. Columella Form 

Style/Club-like 

Laterally Flattened 
f Horizontally Flattened 
r Spongy 

A Group of Spinules 
F Forms Delta 
Septa-like 

25. Septo-Costae 

Indistinct 

Costae Absent 

Costae Distinct from Septa 

26. Costae 

Costae Dominant over Septa 
Costae Not Dominant over Septa 

27. Symmetry of Septo-Costae 
\~ Radial 

Bi-Lateral 

Parallel 

Radial & Bilateral/Parallel 

28. Symmetry Mixed 
F Strongly Parallel 

Radial & Parallel 

F Radial & Bilateral 

29. Septal Length 

Equal 

r Unequal 


30. Cycles of Septa 
F 1 Cycle 

F 2 Cycles 

F 3 Cycles 

F >3 Cycles 

F 1 Order 

F 2 Alternating Orders 
F 3 or more Orders 
Irregular Lengths 

31. Septal Height 
r Not exsert 

Slight/Moderate 
r Conspicuous 

32. Septal Fusion 

Not Fused 

Fused at or with Columella 
Fused with other Septa 

33. Septal Margin 

Smooth 

r Not Smooth 

34. Septal Dentition 

Forms Comb Rows 

Finely Granulated or Beaded 
Distinctly Toothed 

35. Distinctly Toothed 

Dominant 

Not Dominant 

36. Septo-Costae Petaloid 
F Fully 

F Sub- 

Not 
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37. Paliform Structures 
F Absent 

F Inconspicuous 

Conspicuous 

38. Paliform Structure Type 

Laterally Flattened 

Not Laterally Flattened 

39. Extra-Thecal Skeleton 
F Absent 

F Present 

40. Extra-Thecal Surface 
r Solid 

Forms Blisters 

Perforated 


41. Extra-Thecal Elaborations 
F Absent 

F Present 

42. Linear Elaborations 
r > Calice Diameter 

r < Calice Diameter 
r None 

43. Non-linear Elaborations 
F > Calice Diameter 

F < Calice Diameter 
F None 

44. Wall Features 

Forms Monticles 

Dissected walls Dominant 
Groove orTubercule Structure 
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